Comparative international research typically claims to pertain to a population of all states in the international system. Many sources of economic data, however, cover only an incomplete set of the states in the world at any given point in time.
1 Even more seriously, many data sources appear to systematically lack data from some states over certain time periods.
A cursory examination reveals that some types of states are more likely to lack valid observed economic data than others. Gross domestic product (GDP) coverage is relatively comprehensive for the Organization of Economic Cooperation and Development (OECD) member states, but data are often lacking for developing countries and socialist economies. Similarly, bilateral trade flow data tend to be poor-if at all available-for smaller, developing countries that are far apart or pairs of antagonistic states. Such missing data can induce a variety of problems that may affect inferences in the line of empirical research examining whether trade reduces conflict (see Oneal and Russett [1999] and Schneider and Barbieri [1999] for overviews of recent debates). Data are likely to be missing for many dyads that are interconnected, but not necessarily capitalist or democratic, such as the socialist Council for Mutual Economic Assistance (CMEA) states. Thus, the only highly interdependent states observed in a sample may well be OECD-type countries. Similarly, many dyads involving developing countries or East-West dyads with little trade and high levels of conflict often have missing data. Perhaps most troubling for conflict research, countries involved in conflict often lack economic data, and key conflicts may drop out of the sample.
This article is structured as follows: I first review more formally why missing data can create problems in empirical research. I then outline a set of procedures to produce estimates for missing observations in data on GDP and bilateral trade flows. Finally, I illustrate some consequences of missing data in a simple example examining the relationship between trade and conflict.
THE MISSING DATA PROBLEM
Most research ultimately relies on some form of comparison among observations within a population of interest. In research in international relations, the universe is frequently clearly finite and quite small. Thus, the investigator may try to study the entire universe rather than a random sample. Missing data on particular variables, however, will lead to attrition from the population data. There are, in principle, no problems in generalizing from a subsample to the larger population if the smaller sample is a true random sample of the population. The resulting subsample researchers are left with after deleting observations with missing data from a population, however, may often differ systematically from the population at large. Unfortunately, the processes or mechanisms that induce missing data often make certain types of cases more likely not to be observed than others. As a result, missing data problems can lead to systematically biased samples. It is well known that comparisons relative to a nonrandom sample that differs from the population in some systematic fashion can yield misleading inferences (see Rubin [1976] for an extended discussion).
Researchers often ignore missing data problems and proceed by listwise deletionthat is, working with the sample that remains after omitting each case or row of the data matrix with missing observations. It is implicitly assumed that the resulting sample constitutes a representative sample of the population. However, when the attrition due to missing data is not random, simply going with the available data when faced with missing data can lead researchers astray. King et al. (2001) show that a missing data problem may often be a more serious problem than omitted variable bias.
APPROACHES TO MISSING DATA
Missing data are not observed or recorded, and researchers are often reluctant to make any assumptions about these cases. However, simply omitting missing observations as they arise is effectively a decision to limit the sample according to data avail-ability. The risk of making some potentially incorrect or unwarranted assumptions may be less serious than submitting to the perils of listwise deletion.
Even though missing data are unknown in that they have not been observed by some reporting agency collecting the data, researchers are usually not entirely ignorant about the nonobserved characteristics. In many cases, researchers possess information and insights that can be applied to make informed guesses. This article shows how one set of estimates can be derived for two economic sources of data: the Penn World Tables (PWT) There is considerable work in statistics on estimation techniques with missing data. These typically take advantage of observed data on other variables to estimate missing observations on particular variables (see King et al. [2001] for a review). Although these approaches certainly may be applied to missing data problems for trade and GDP data, the choice of what variables to include in the imputation model-especially whether to include political variables associated with conflict-can be seen as influencing answers to research questions. Without good predictor variables, a statistical imputation model will produce point estimates associated with considerable uncertainty and large variances. As a first cut, it seems valuable to see how much additional information can be extracted from the existing data and alternative sources in a transparent manner before resorting to multiple imputation techniques. This article takes a pragmatic first step in trying to find some initial improved estimates.
EXPANDED GDP DATA BASE DATA: THE PWT
GDP is by far the most common indicator of a state's resources or economic wealth. The PWT data (Summers and Heston 1991) , produced by the Center for International Comparisons at the University of Pennsylvania, is often considered the most theoretically attractive GDP measure. The PWT data display a set of national accounts denominated in a common set of prices in a common currency so that real quantity comparisons can be made, both between countries and over time. The population figures are in 1,000s. The GDP per capita figures included in this revised version are real figures in constant U.S. dollars (base 1985) as well as nominal figures in U.S. dollars in current international prices.
The PWT mark 5.6 data are available from 1950 to 1992. Unfortunately, about 25% of the observations in the population are missing in the PWT data. Quite a few countries in the international system are not included in the PWT data altogether or included only for a short time period. recorded data as falling into one of six categories depending on its size and economic characteristics. For each of the categories, I chose a putatively similar reference country for which there is good coverage in the PWT 5.6 data. The categories and their respective reference countries were as follows: (1) developing socialist economiesEthiopia, (2) small developing countries-Jamaica, (3) small industrialized countriesSwitzerland, (4) industrialized socialist economies-Hungary, (5) developing African states-Guinea, and (6) large developing states-Pakistan. For each of the states with missing data, I used the CIA estimate to find the proportional size of its GDP per capita and population relative to the reference country. These proportions are shown in Tables A1 through A6 in the appendix.
These CIA estimates are available for only a single year. In this version of the data, the relative proportions are assumed to remain constant over the time period. One could improve the estimates by adjusting the proportions over time using data from older versions of the World Factbook.
The relative share of missing data varies considerably over time in the PWT data and ranges from about 12% missing in 1985 to more than 50% in 1992. Such missing leads or tail parts of series were filled in by estimates based on the first/last nonmissing observations. These estimates assume that real GDP per capita remains the same for the lead/tail part. The figures were deflated to current prices using a U.S. GDP deflator. Table 1 displays the codes that identify the origin of observations in the GDP per capita and population data.
TRADE DATA
The DOT data set (IMF 1997) consists of annual time series on the countries' exports and imports by partner countries in millions of current-year U.S. dollars. In practice, most social scientists obtain these data through the Inter-university Consortium for Political and Social Research (ICPSR) (deposited as study no. 7628). The data are grouped by dyad or pairs of countries. Any two countries A and B give rise to a dyad AB. In any given year, each dyad AB in principle has four trade flows: (1) exports from A to B, (2) imports by A from B, (3) exports from B to A, and (4) imports by B from A. In principle, exports from A to B should equal imports by B from A, and vice versa. However, it is well known that these accounting identities often do not hold in recorded data on trade (Rozanski and Yeats 1994) .
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According to the codebook provided by ICPSR, the DOT data are based on reports generated by IMF member states. However, the codebook also indicates that some data are "estimates derived from the reports of partner countries for non-reporting and slow-reporting countries" (p. 2). The data are expressed in millions of U.S. dollars in current international prices. 4 The data currently available cover The DOT data contain observations for only about 40% of all the dyad years between 1948 and 1996. Coverage is particularly poor for developing and socialist states.
TRADE DATA IMPUTATIONS
A first step to improve the coverage of these data is to replace missing data with estimates from alternative data sources. The World Export Data (WED) (Faber and Nierop 1989) database has tried to compile data to fill in some of the gaps for export figures. These data are available for the years from 1948 to 1983. The WED data are particularly helpful in providing data on socialist states not included in the IMF data during the cold war period. All figures are f.o.b. in millions of U.S. dollars at current prices. According to the WED codebook, in case of exports from nations with centrally planned economies to other nations, we sticked [sic] to the IMF approach of converting the other nations' figures on annual imports (cost, insurance and freight included; cif) from nations with centrally planned
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3. The trade data most familiar to political scientists are the data used by Oneal and Russett (e.g., 1999) in their studies on trade and conflict, which the authors have made publicly available. Their data are largely based on the same sources and include estimates for missing data based on rules quite similar to those applied to the expanded trade data presented here. However, Oneal and Russett assume no or zero trade flows for a much larger number of dyad years than is the case for these expanded data. Oneal and Russett assume no trade for a total of about 56% of the dyad years in their sample. The data outlined here provide alternative estimates for about 71% of the dyad years assumed to have no trade in the Oneal and Russett data. Although trade in these dyads tends to be much lower than in most dyads included in the original DOT data, many of these observations have nonzero trade flows. Some of the flows in an AB dyad have also been averaged in the Oneal and Russett data (personal communication with John Oneal).
4. According to the codebook provided with the ICPSR release, "data originally reported in national currencies are converted by the IMF with the exchange rates" (line rf) "published in the IMF's International Financial Statistics" (p. 2).
5. The ICPSR manual indicates that "a 10 percent adjustment have been applied" to f.o.b. figures (p. 2). The manual does not indicate whether these have been increased or decreased by 10%, but the former seems more likely. Many are skeptical of whether such conversions can be made in a consistent fashion for crosscountry data. Because countries have different c.i.f.'s, applying a common proxy may be flawed. In addition, duties are imposed at different levels in different countries.
6. Note that the IMF reports trade for Belgium and Luxembourg jointly. I have here estimated individual trade shares proportional to the population shares of each country relative to the combined total (i.e., .96 for Belgium and .04 for Luxembourg). Trade between Belgium and Luxembourg was assumed to be proportional to the joint trade with the Netherlands, adjusting for population size. economies into export data. As conversion factor, we used a rough 0.9. The same procedure has been applied when no export data could be obtained but only import data.
The WED provides export data for an additional 11.4% of the total dyad years in the population.
In many cases, only some of the four annual flows between A and B have been recorded. In principle, exports from A to B should be the same as imports to B from A, and vice versa. Even though these accounting identities may not hold in the recorded data, an estimate based on the recorded data for the reverse flow seems better than treating observations as missing. All missing data have been substituted with the reverse flows whenever available.
On closer inspection, many of the trade flows of exactly zero in the DOT data seem problematic. To maintain a rectangular data structure, many missing observations appear to have been substituted with zeros. These structural zeros are probably better treated as missing observations rather than true zeros. Examine, for example, the recorded trade between the United States and Grenada displayed in Table 2 .
The United States has no recorded data for exports to Grenada before 1984 (i.e., not even missing data entries in the original DOT data matrix). Because these observations are missing, Grenada's recorded figures for imports from the United States seem a logical substitute. Note, however, that U.S. exports to Grenada for 1984 through 1987 are given as zero but suddenly increase to $25.4 million in 1988. The recorded U.S. imports for Grenada, however, do not suddenly increase from zero to a substantial figure in 1988. The figures recorded for Granada's imports from the United States seem more plausible than the recorded zeros for the years 1984 to 1987, and the U.S. data prior to 1988 seem to have been inserted to create a rectangular data structure. Even though the 1984 to 1987 observations are not missing in the sense that they have been recorded as zeros by the IMF, an estimate based on the reverse flow seems more reliable than the "observed" data for such potential structural zeros. In the expanded data, I have substituted all exact zeros with the reverse flow whenever this was not exactly zero. Missing data and suspicious zeros replaced with estimates based on the reverse flows amount to about 9% of the total annual export figures and almost 18% of the annual import figures. No assumption has been made about scaling export and import figures, but users can easily apply such conversions to these observations. Although A's exports to some country B and its imports from B certainly need not be identical, one would generally expect these figures to be of similar magnitude. In the absence of other information, A's export to B is probably a reasonable estimate for A's imports from B and vice versa. About 6% of the population of export and import figures have been replaced by such estimates in this version of the data.
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These imputations decrease the share of missing trade data for the population of dyad years from about 60% to about 33%. Linear interpolation of within time series missing data provides data for an additional 5% of the cases. Many dyad time series have spells of missing data at the beginning or end. Replacing these with estimates based on the first/last nonmissing observation, deflated to current international prices, yields data for an additional 3% of the population.
These estimates still leave 6,611 dyads that have no recorded data in any of the sources. Most of these are dyads that involve very small states or dyads of states separated by long distances. Trade in these dyads will in all likelihood be small or negligible. All these remaining dyads have been assumed to have no trade and set to zero. A separate file (notrade.asc) provided with these data identifies the dyads that have been assumed to have no trade. Tables 3 and 4 identify the codes indicating the origin of the export and import observations as well as the shares from each category in the final expanded trade data.
DO MISSING DATA MATTER? TRADE AND CONFLICT EXAMPLES
Although a high proportion of missing data may matter in principle, is it likely to make a substantial practical difference in empirical research? Looking at some actual examples from research on trade and conflict provides one way to ascertain how missing data affect the sample and results inferred. Whether greater economic interdependence between states is likely to promote peace is one of the most prominent issues in current research in international relations. Although the controversy revolves around numerous other issues such as variable construction and model specification (see Oneal and Russett 1999; Schneider and Barbieri 1999) , missing data problems may certainly be one of the factors contributing to the differences between published studies (cf., for example, Barbieri 1996; Oneal and Russett 1999) . Economic interdependence is typically measured by a dependence ratio of the relative size of bilateral trade to a state's GDP, seen as an indicator of the importance of the dyadic trade to a state (see, for example, Russett and Oneal 2001) . The value of such a ratio will be missing whenever data for one of the two bilateral flows (i.e., export and import) or GDP are missing.
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There has been considerable speculation on the possible influences that missing economic data may have for research on trade and conflict. Because GDP coverage is relatively comprehensive for the OECD member states but often lacking for socialist economies that are not necessarily peaceful, the effects of interdependence may be overstated in the sample of available data. At the same time, because coverage for trade-flow data tends to be poor-if at all available-for many pairs of antagonistic states, the actual effect of trade may be larger than it would appear from the available sample. Because several and potentially counteracting biases from missing data might be imagined, the net consequences for our inferences from empirical studies are ambiguous.
For purposes of illustration, consider a simple logistic regression model of interdependence and conflict. The risk of conflict is often considered a function of the less dependent state in a dyad, typically operationalized by the smaller of the two depend- Faber and Nierop (1989) . NOTE: c.i.f. = customs and freight included; f.o.b. = free on board. Faber and Nierop (1989) .
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ence ratios in a dyad. Because the propensity for trade between states is highly dependent on distance, I also include the natural logarithm of the distance between the capital cities of the two states in a dyad. Following the conventions in the literature, I use the presence of a militarized interstate dispute (MID) as an indicator of conflict between states (see Jones, Bremer, and Singer 1996) . The list of states and dates of independence used by the Correlates of War (COW) project for compiling the MID data differs somewhat from that outlined in Gleditsch and Ward (1999) . In this example, I include only observations for states and time periods included in the international system by the COW project.
7 Table 5 shows the results of estimating such a logistic regression model on the observed economic data for the years 1950 to 1992 under the model 1 column. The model 2 column indicates the results for all states in the international system based on the expanded data. As can be seen, both the sample size and the results look quite different for the two models. The sample for model 1 encompasses slightly less than onefourth of all the relevant dyad years in the period. The coefficient for the dependence ratio is negative and significant for both models, suggesting that higher levels of trade reduce the likelihood of conflict. Comparing the coefficient estimate for dependence in model 1 and model 2, however, reveals that the effect of trade dependence on the log odds of conflict is much greater in the full sample than in the sample constrained by the observed data. Although this model is very simplistic and lacks many key variables emphasized by researchers in this tradition, this comparison of the two samples demonstrates that missing data considerations can yield real differences in empirical results.
Listwise deletion of rows due to missing economic data will also determine whether observations from the conflict data are included in the final sample. There are 7. In particular, the COW system membership list after 1945 includes many states only after these have become members of the United Nations. Oman, for example, is not included until 1971. San Marino, often considered the world's oldest existing republic, is included as a system member by COW only after 1992. See Gleditsch and Ward (1999) for a more extended discussion of the differences. a total of 2,392 dyad years with MIDs among states in the international system over the period from 1950 to 1992. If one goes with simply the observed economic data, 8 as many as 1,552 of these dyad years fall out of the sample altogether due to missing data on one of the raw variables that go into the construction of the dependence scores. Some of the MIDs that drop out include key events in world politics such as the Berlin crisis, the Korean War, the Cuban Missile Crisis, and the Gulf War. Especially troubling is the fact that the attrition appears to be systematic. Dyads involving socialist and developing states are particularly likely to suffer from missing data.
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Even though the sign of the coefficient for the dependence ratio does not change between the directly available sample and the expanded sample, the limitations imposed by simply going with the available data can be very severe in analyses of interactions in particular dyads or subgroups of states. Table 6 compares the availability of data for dyads composed of OECD members and dyads of CMEA members. As can be seen, although data are available for most of the population of OECD dyads (76.32%), only 13.41% of the CMEA dyad years are included in the IMF and PWT data. However, for a large number of the CMEA dyads, data are available from the alternative sources. Adding alternative estimates (i.e., origin categories 1 and 2) ensures data for about 95% of all the country years.
MIDs occur between OECD members in 44 dyad years and between CMEA members in 15 dyad years. However, none of the MIDs between CMEA states occur for observations available in the PWT or IMF data. A simple comparison of the available data could thus suggest that putatively independent CMEA states, unlike OECD states, have no conflict between each other. The results based on the expanded GDP and trade data look dramatically different. Given the total number of dyad years, dyads with two CMEA member states have a slightly higher incidence of MIDs than do dyads with two OECD members. A logistic regression of MIDs on the smaller dependence ratio and distance between capital cities indicates a negative, though not significant, coeffi- cient estimate for the dependence ratio among dyads of OECD states but a significant, positive, coefficient estimate for the dependence ratio among dyads of two CMEA states. 9 This suggests that greater economic dependence among the communist and Soviet-dominated CMEA states during the cold war actually was positively associated with conflict. Merely using the available economic data for the CMEA countries would have left a sample without any conflicts between these states.
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Much of the interest in the trade and conflict literature tries to address the prospects for peace in a world of increasing globalization and democratization. To untangle the potential effects of economic and political institutions on the likelihood of conflict, as well as where these may or may not apply, comprehensive data with the full range of the actual variation in such attributes are needed. The ability to say something about the prospects for peace in dyads involving countries undergoing political and economic transformations is clearly not bolstered if such cases tend to be deleted from analyses.
CONCLUSIONS
This article has outlined various coverage problems in common sources of economic data and demonstrated that these can have problematic consequences for empirical research. I have indicated a set of procedures for deriving estimates to expand existing data on GDP and economic trade flows. I release the data in the hope that they may be helpful to scholars. These estimates may well contain errors and could be problematic for many purposes. The current version of the data is intended as one of many steps toward improving data resources in international relations research. Comments and suggestions that may help improve the estimates in the data will be appreciated. 
APPENDIX Gross Domestic Product (GDP) Per Capita and Population Estimates as Proportion of Reference Country
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9. These results are not shown due to space considerations but are available on request. 
